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Abstract: An electrochemical sensor based on Fe-based metal-organic framework supported on highly conductive graphene
(Fe-HHTP-HITP-HCG) was prepared for the determination of trace nonylphenol (NP). Double-ligand metal-organic framework
(Fe-HHTP-HITP) was grown in the empty spaces of highly conductive graphene (HCG) to form Fe-HHTP-HITP-HCG, and the electrochemical
sensor was then made by drop-coating to form a film. The experimental conditions, namely the type of buffer, pH value, ligand ratio, HCG ratio,
cumulative potential and cumulative time were investigated. The properties of the electrodes were evaluated through the use of cyclic
voltammetry (CV), field emission scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FT-IR) and X-ray diffraction
(XRD). The results of the experiments showed that Fe-HHTP-HITP-HCG had high electrochemical and catalytic activity and has good response.
When the coating was four layers, the detection concentration of NP ranged from 1.0<107 to 1.0<10™ mol/L, and the limit of detection was
1.22x10°® mol/L. When the sensor was applied to NP that migrated from the milk bag, the standard addition recovery rate ranged from 96.90%
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to 102.00%. Based on these results, a new strategy for NP-sensitive detection using metal-organic framework composites is proposed.
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Fig.1 Schematic representation of the synthesis of
Fe-HHTP-HITP-HCG and the detection of NP
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MIP-MWCNTs-NP-GCE 2.0x107~3.6x10" 6.010°® [23]
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Fe-HHTP-HITP-HCG 1.0107~1.0x40" 1.2x10° A
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Table 2 Effect of coexisting interfering ions on NP detection
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S0, 1x107 1.14
Mg?* 1107 0.85

cr 1x107 0.85

Na* 1x107 0.98
NO* 1x107 0.98
BPA 1x107 057
BPS 1x107 053
POP 1x107 0.62
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R 3 HRPAIN ZE (umol /L)
Table 3 The NP content in the sample
PE 1 2 3 4 5
&% 445 000 0.00 0.00 0.0 0.00
#% 445 000 000 000 000 0.00
k&K 000 222 189 000 054
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Table 4 Response of the actual sample to NP
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10.00 10.31 103.10 2.30
SR 50.00 50.50 101.00 2.80
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10.00 9.89 98.90 1.60
B3 A 50.00 50.98 102.00 150
100.00 96.91 96.91 1.30
3 4ip A K

A HE G OCR A fA RO K OE1E R T
Fe-HHTP-HITP-HCG E &Mk}, A IHAXIHTES I
R 1) 46 T 1) LA 2 A SR PR IR AU NP (197 7
SO R, 24 HHTP:HITP=2:6, Fe-HHTP-HITP:HCG
=55, REN 4 )2, i Na-PBS 25k, pH=6.50,
SUBEEAN 0.00V, ZARIHE A 75 s I, NP fI%4L
U R B B KB AR, AR RS NP IRFE @
P R 2R C 2R« 1=0.476 2¢+8.952 0 (R?=0.99),
Ry 1.22>10° mol/L, FH%: T Hoth B Ak 246
NP T { FH & AR, Fe-HHTP-HITP-HCG H A5 5
FER ARG, HE PR RN 5 A 2R MV R o T 1) 25 1 HL A 2 A JRR
FefeUE MERN I R AT . 7EASINILARA BT NP U &
TR, BRI K'Y, SO Mg®*. CI'. Na'. NO*
B 11 BPA. BPS. POP XHGIITFHEH/N . 7R
T EEmAN S, RH Fe-HHTP-HITP-
HCG YK G A MR ] LR 42 51 NP (1) FBAL 200 B o
S s A I RIS, RIS, 2 A A 2 A I g v
FRAME, R e, RBUE R, R ekl
EMEK,

[1] Iman S, Mohammad R K, Milad E, et al. Disruptive effects of
nonylphenol on reproductive hormones, antioxidant enzymes,
and histology of liver, kidney and gonads in Caspian trout
smolts [J]. Comparative Biochemistry and Physiology, Part C,
2020, 232: 108756.

[2] Noorimotlagh Z, Mirzaee S A, Martinez S S, et al.
Environmental exposure to nonylphenol and cancer
progression risk - A systematic review [J]. Environmental
Research, 2020, 184: 109263.

[3] Lotfi M, Hasanpour A H, Moghadamnia A A, et al. The
investigation into neurotoxicity mechanisms of nonylphenol:
a narrative review [J]. Current Neuropharmacology, 2021,
19(8): 1345-1353.

[4] GUAN Shuhui, ZHAO Kunfeng, TONG Qin, et al. A review
of photocatalytic materials application on nonylphenol
degradation [J]. Environmental Challenges, 2021, 4: 100172.

[(] WANG Hao, SHAO Mingyuan, JIA Jingyi, et al.

determination  of

Simultaneous perfluoric  acid,

perfluorooctane sulfonic acid, bisphenol A, nonylphenol in

329



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.3

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

330

infant  milk powder by high-performance liquid
chromatography-tandem mass spectrometry [J]. Chinese
Journal of Chromatography, 2018, 36(12): 1279-1283.

HAO Zhiming, XIAO Yanping, JIANG Lanlan, et al.
Simultaneous determination of bisphenol A, bisphenol F,
4-nonylphenol,  4-n-nonylphenol, and octylphenol in
grease-rich food by carb/PSA solid-phase extraction
combined with high-performance liquid chromatography
tandem mass spectrometry [J]. Food Analytical Methods,
2018, 11(2): 589-597.

Gong Shengxiang, Wang Xia, Li Lei, et al. Enrichment and
determination of octylphenol and nonylphenol in
environmental water samples by solid-phase microextraction
with carboxylated carbon nano-spheres coating prior to gas
chromatography-mass spectrometry [J]. Analytical and
Bioanalytical Chemistry, 2015, 407(29): 8673-8679.

CAI Chenggang, YING Yibin, WU Pinggu, et al. Survey of
octylphenol, nonylphenol, and bisphenol A in infant milk
powders by solid-phase extraction combined GC/MS method
[J]. Journal of Food Quality, 2018, 5: 1-8.

Vargas-Berrones K, de Len-Mart mez L D, Bernal-J&ome L,
et al. Rapid analysis of 4-nonylphenol by solid phase
microextraction in water samples [J]. Talanta, 2020, 209:
120546.

LOU Liping, HUANG Qian, LOU Yiling, et al. Adsorption
and degradation in the removal of nonylphenol from water by
cells immobilized on biochar [J]. Chemosphere, 2019, 228:
676-684.

M, A XI5 22 2 XC-T2IGCE &1 FAR I i 3
ST ) 2 2 [0 A B i R, 2018,34(6):224-229.

KU ok SR A AC-Co(OH), AR A8 R AR R SUAS: I T AT
R[] AR A i ARHE,2020,36(9):309-313.

KA I T BRI MOF GRS SRPEHIH % b FL il sk
AEAITFL[D]. AL 5 AL T RE,2021.

SUN Lei, Hendon C H, Park S S, et al. Is iron unique in
promoting electrical conductivity in MOFs? [J]. Chemical
Science, 2017, 8(6): 4450-4457.

YAO Mingshui, ZHENG Jigjia, WU Aigian, et al. A

dual-ligand porous coordination polymer chemiresistor with

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

modulated conductivity and porosity [J]. Angewandte
Chemie International Edition, 2020, 59(1): 172-176.

ZHAO Weiwei, CHEN Tiantian, WANG Weikang, et al.
Conductive Nig(HITP), MOFs thin films for flexible
transparent supercapacitors with high rate capability [J].
Science Bulletin, 2020, 65(21): 1803-1811.

Kornilov D Y, Gubin S P. Graphene oxide: structure,
properties, synthesis, and reduction (a review) [J]. Russian
Journal of Inorganic Chemistry, 2020, 65(13): 1965-1976.
FENG Xiaodong, HU Min, ZHOU Jun, et al. Calculation and
study of graphene conductivity based on terahertz
spectroscopy [J]. Journal of Infrared, Millimeter, and
Terahertz Waves, 2017, 38(7): 874-884.

Hla Saw Wai. Graphene: Conductivity measurements pick up
[J]. Nature nanotechnology, 2012, 7(11): 693-694.

IR AL, BRI BB A A S8 S BB F AR 2
W2 I I R B R, 2019,35(7):224-230.

R A AL RS N TR RS R - R R PO ATT
FEIDL DA RHEORA,2012.
HUANG Jiadong, ZHANG Xiuming,
Development of molecularly imprinted electrochemical

Liu Su, et al

sensor with titanium oxide and gold nanomaterials enhanced
technique for determination of 4-nonylphenol [J]. Sensors
and Actuators B: Chemical, 2011, 152(2): 292-298.

ZHANG Jin, NIU Yanhui, LI Shijie, et al. A molecularly
imprinted electrochemical sensor based on sol-gel technology
and multiwalled carbon nanotubes—Nafion functional layer
for determination of 2-nonylphenol in environmental samples
[J]. Sensors & Actuators: B. Chemical, 2014, 193(C):
844-850.

FRAEAR, 5k 5 BRI 15 4408 SR 1) 26 S AR T RN K
EEM R ARAR 2RI X BRI [J] B4R 5 AR, 2013,
8:2170-2173.

LIU Zhaona, MA Xuemei, ZHANG Huacheng, et al.
Simultaneous determination of nitrophenol isomers based on
p-cyclodextrin functionalized reduced graphene oxide [J].
Electroanalysis, 2012, 24(5): 1178-1185.

EEE R A IS AR A S0 T AL D] AT Bl
HUTK:,2016.



